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Abstract

The eastern part of the Mediterranean Sea is of great geological interest. One of the
main interesting topics is the genesis and the development of hydrocarbon fields in
the area. The analysis of the palaeogeographic evolution of two major basins in
eastern Mediterranean Sea, such as Levantine basin and Herodotus basin, shows
the same evolution and accommodate the same sediment types. Also, the presence of
the Eratosthenes Continental Block (E.C.B.) and the Nile cone, have their own role
in the development of the basins and the wider Eastern Mediterranean region. With
the help of seismic data, petroleum geology, the evolution of both basins and other
geological structures of the region, we can compare the two basins. From the com-
parison we concluded that Herodotus basin hosts at least the same amount of gas
and oil as the Levantine basin.

Key words: Levantine basin, Herodotus abyssal plain, hydrocarbons, eastern Medi-
terranean.

Hepilnym

To Avoroliko tunue g Meooyeiov mapovaidler Eviovo yewldoyiko evoiapépov. Me-
ydlo evoiapépov mopovoialel to Oua yéveons kair avamtuéng mediwv vopoyovovhpa-
Kwv oty mepioyn. H avdlvon g moiaroyewypopikng eCéMéns twv ovo kopiwv le-
Kavav ¢ avotolikig Meooyeiov, g Aekdvng Asfaviivig kou Aekdvyg Hpodortov,
oeiyvoov oo e&édiln, pilolevarvtag io1ovg tomovg ilnudtwv. Exions n wapovaio tov
nrepTiKod urlok tov Epotochévy kai tov kavov tov Netlov drodpouatilovy 1o o1-
KO TOVG POAO TTNY OVATTOEH TV AEKOVAYV 0AAG KOu TS EDPOTEPNS TEPLOYNS THS Ava-
tolikng Meooyeiov. Me ) PonbBeio. oeioukmv dedouévawv, e yewloyiag Tetpelaiwmy,
™MV 10T0pia eCEMENS TV Vo AeKavaV Kol TV DIOLOITWVY YEWAOYIKWDY JOUMDY THS TTE-
PLOYNG, YIVETaL uio. GOYKPIoN HETOCD TOVG. ATO T GOYKPIGH TV AEKAVIOY GOUTEPAIVE-
a1 on n Aexavy Hpodorov priolevel tovdayiotov Tig id1€¢ TOGOTNTES OE YVOIKO AEPLO
Ka1 TETPELaLO e TV Agkavy e Agfavtivyg.

Aééerg Klewdia: Asxovy Agfavrivig, APveoixo medio Hpodotov, YopoyovavOpaxe,
Avororikn Meadyeiog.
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1. Introduction

The hydrocarbons in order to produced in high concentrations and can be regarded as
economically exploitable, should be kept the following requirements: existence of source rock,
migration conditions, existence of reservoir, seal, and trap. The source rocks are fine sediments
rich in organic material and which contain the precursors to hydrocarbons, such that the type and
quality of expelled hydrocarbon can be assessed. The organic material in order to generate
hydrocarbons must be buried in such depths as far as the temperature is between 90°- 120°C. The
reservoir is a porous and permeable rock that hosts the hydrocarbon reserves. Analysis of reservoir
at the simplest level requires an assessment of their porosity, in order to calculate the volume of
hydrocarbons and their permeability in order to calculate how easily the hydrocarbons will flow
out of them. The seal rock is a unit with low permeability that impedes the escape of hydrocarbons
from the reservoir rock. Common seals include evaporates, chalks and shales. Analysis of seals
involves assessment of their thickness and extent; such their effectiveness can be quantified. The
trap is the stratigraphic or structural feature that ensures the juxtaposition of reservoir and seal
such that hydrocarbons remain trapped in the subsurface, rather than escaping and being lost.
Finally, careful studies of migration on how hydrocarbons move from source to reservoir and help
quantify the source of hydrocarbons in a particular area.

In this paper we analyse the above requirements in the Levantine basin and compare them with
Herodotus basin.

2. Geological Setting

The Levantine basin is located SE of Cyprus in eastern Mediterranean Sea (Figure 1). It is a fore-
land basin at the southern end of the front of the Alpine deformation zone, in the zone of interac-
tion between the tectonic plates of Africa, Arabia and Anatolia (Vidal et al., 2000). The basin
formed in Middle Miocene as a result of subduction of African tectonic plate under Eurasia. It has
an average length ~ 325km, an average width ~ 155km and water depth over 2km. It covers an
area of ~50.375km?. It is bounded to the north from Larnaca thrust zone, to the northwest from
Eratosthenes continental block. The Nile cone and the eastern margin of Mediterranean are the
southwest and east margins respectively. The basin contains Mesozoic and Cenozoic sequences
with thickness up to 14km. The basin has a complex structure due to compression and extension
regime that produced movement of tectonic plates and tectonic gravity processes (Roberts & Peace,
2007).

Figure 1 - Bathymetrical map which shows the two basins. NE of Cyprus is the Levantine
basin and NW of Cyprus the Herodotus abyssal plain. (Geomap).

Te Herodotus abyssal plain is located SW of Cyprus (Figure 1). The abyssal plain also formed in
Middle Miocene as a result of subduction of African tectonic plate under Eurasia. It is a deep basin
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with water depth over 3km. It has an average length ~450km and an average width ~255km. It
covers an area of ~113,000km?, which is two times bigger than the Levantine basin. On the north
is bounded from the Mediterranean ridge, from the African (Libyan/Egyptian) continental slope on
the SW and from the Anatolian rise on the NE. The Herodotus basin also contains Mesozoic and
Cenozoic sediments up to 15km in thickness (Montadert et al., 2009). The size of the basin is re-
duced during time as the Nile cone proceeds and progrades into the basin. As a result the sedi-
ments accreted to the Mediterranean ridge.

3. Stratigraphy

3.1. Herodotus Basin

The Herodotus basin as mentioned above is composed of clastic sediments with a thickness up to
15km (Figure 2). The bedrock of the basin is oceanic crust of Triassic age. The sediments from
bottom to top are divided into: a) Mesozoic and Paleogene sediments, b) pre-Messinian sediments
(Miocene), ¢) Messinian evaporites and d) Plio - Quaternary sediments.

Figure 2 - Stratigraphic cross section of the Herodotus basin and Eratosthenes continental
block (Montadert & Nicolaides, 2010).

3.1.1. Pre-Messinian Sediments

These sediments have a thickness greater than 7.5km and are divided into seven lithotypes (Figure
2). Calcarenites (Aquitanian) siltstones (Burdigalian), calcareous siltstones (Burdigalian-Langhian),
fossiliferous micrites (Serravallian), sapropels (Tortonian), grated biomicrites (Tortonian-
Messinian), bio-arenites (Tortonian-Messinian).

3.1.2. Messinian Evaporites

The Messinian evaporites have thickness many times more than 2.5km (Figure 2). They were
deposited by the closure of Gibraltar so that no water enters from the Atlantic Ocean to the
Mediterranean, resulting intense evaporation, and the deposition of halite, gypsum and anydrite in
the Mediterranean. The water level fell 3-Skm in Mediterranean. The structure of the basin is
characterized from domes which can form either by syn-depositional folding or diapirism. From
magnetic measurements made in the region appear to not be magmatic origin as there are no
magnetic anomalies related to the domes. In contrast, sedimentary diapirism indicated by the
concentration of domes in a small area of the deepest parts of the basin. The sedimentary diapirs
caused by mud or evaporites movement. In gravity measurements made in similar blocks close to
this area, show steep negative anomalies Bouguer and show that under these there is a low density
material. This material shows evaporitic composition despite mud.

3.1.3. Plio - Quaternary Sediments

The Plio - Quaternary deposits consist of sediments rich in carbonate material deposited in the
open sea, with plenty of pelagic organisms and benthic fauna. These deposits are brown to black,
laminated, rich in organic material sapropels and sand turbidites. The turbidites were divided into
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three types, type A and type B and C also debris flow (Figure 3 and 4) according to their source.
The types differ in composition and thickness. Finally, they were detected 12 layers of sapropel
(Figure 5) rich in organic material, laminated, deposited in anaerobic, deep waters in Quaternary.
(Hilgen, 1991; Kempler et al., 1996).

The Type A turbitides (Figures 3 and 4) are rich in smectite which means that the source of this
type is the Nile cone because the sediments of the Nile are rich in smectite. They are also rich in
organic material. Their thickness range from 15cm to 750cm (Reeder et al., 2000) and their age
range from Middle Pleistocene to Holocene. The transportation from the Nile cone in the basin,
made by channels that favor the transport by turbitiditic mud flows. The Type B turbitides (Figure
3 and 4) are richer in carbonates, ranging from 36% to 84,5%, and that shows that the source of
these turbitides is the African continental slope. The transport is done through submarine canyons.
Their age is Upper Pleistocene. The most noticeable layer of this type turbidite is called “’beta’’ by
the Greek letter (B). The turbidite sequence “’B’’ reaches 7m. in thickness. Finally, their thickness
range from 6-1.570cm (Reeder et al., 2000). The Type C turbitides (Figure 4) derived from the
Anatolian rise and are directed towards the east and northeast parts of the basin. Finally, the debris
flows (Figure 3 and 4) derived from the Mediterranean ridge and they are limited in the northern
part of the basin (e.g. Stow & Piper, 1984; Stow et al., 1996; Cita et al., 1984a; Lucchi &
Camerlenghi, 1993).

3.2. Levantine Basin

The Levantine basin is composed of clastic sediments with a thickness of 14km (Figure 5). The
bedrock of the basin of Triassic age is not clear whether it is oceanic or continental crust. The
sediments from bottom to top are divided into: a) Triassic section, composed by ten depositional
cycles, b) Jurassic section, composed by seven depositional cycles, c) Cretaceous section,
composed by eight depositional cycles, d) Tertiary section, composed by eleven depositional
cycles. The types of the sediments are referring in figure 5.
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Figure 3 - Stratigraphic columns of type A and B turbitides of 9 cores that were taken in the
Herodotus basin. Also in black colour are shown the layers of sapropel (Cita et al., 1984).

Figure 4 - Bathymetric map that shows the four turbitides sources in the Herodotus basin
(Reeder et al., 2000).

Figure S - Levantine basin stratigraphy (Roberts & Peace 2007).

4. Hydrocarbon Plays in Levantine Basin

The source rocks (Figure 6) in the Levantine basin are Pliocene clays and are the source of dry
biogenic gas. The source rocks that have the potential to give natural gas are the fine coarse
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sediments of Triassic and Jurassic age (Nader & Swennen, 2004). In contrast, the source rocks that
have the potential to give oil are sediments of Upper Cretaceous age

Potential reservoirs (Figure 6) are sandstones of Plio - Pleistocene, endo - Messinian, Oligocene,
Eocene and Paleocene age. Sandstones and limestones of Cretaceous, including carbonate reefs.
Sandstones, limestones, dolomites and oolitics limestones are the reservoirs of the Jurassic. Finally
the oldest reservoirs are the Triassic sandstones.

The cap rocks (Figure 6) are the Messinian evaporites, Paleogene, Neogene and Cretaceous clays
and marls and finally Triassic and Jurassic evaporates.

The migrations is through faults that exist in the basin (Figure 6). The traps are stratigraphic and
structural such as anticline and pinch outs.

Figure 6 - WNW-ESE seismic line over the southern part of the Levantine Basin showing a
Triassic-Jurassic rifted terrain and the age of the sequences. Section width approximately
160 km (Roberts & Peace 2007).

5. Direct Hydrocarbons Indicators (DHIs)
5.1. Seismic Flat Spot

A seismic flat spot (Figure 7) may be a reflection from a well-defined fluid contact, commonly the
gas/oil or gas/water contacts. The acoustic impedance contrast between the two phases may be
sufficiently large to produce a strong reflection. In a section with dipping reflections, it stands-out
because of its flat attitude. This is usually taken to be the most definitive and inJormative of all the
Direct Hydrocarbon Indicators (Sheriff, 1995).

5.2. Seismic Bright Spot

A seismic bright spot (Figure 7) is a strong-amplitude reflection caused by large changes in
acoustic impedance and tuning effects. In general, bright spots are mostly caused by lateral
changes in lithotogy rather than DHIs. Nevertheless bright spot DHIs can also be due to a gas-
saturated sandstone reservoir underlying a shale interval. When seismic bright spots are on top of a
structural high they are often associated with gas accumulation. Gas-induced bright spots usually
have negative polarity for the reflection from the top of the reservoir (Semb 2009).
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5.3. Seismic Gas Chimneys and Velocity Pushdown

A gas chimney (Figure 7) describes the effects of escaped gas that is dispersed upwards in the
sediments as imaged in the seismic data. The presence of the gas causes the seismic reflections to
abruptly become dim or altogether disappear in the zone. The reduction of velocity through a
hydrocarbon accumulation will also affect reflections from deeper intervals by increasing the two-
way times. This is because the accumulation has a lower seismic velocity that causes the
reflections to sag (Sheriff, 1995, Semb 2009).

Figure 7 - Seismic sections showing a)flat spot, bright spot, b)recent sediments filling zone,
dissolution of the salt and the deepest portion may represent gas chimney and pushdown
zone (Semb 2009).

5.4. Seismic Dim Spot

By contrast to a bright spot, a seismic dim spot shows weak rather than strong amplitudes. The
weak amplitude can correlate to the presence of hydrocarbons that reduce the contrast in acoustic
impedance (Al) beiween the reservoir and the overlying rock. Such dim spots are often associated
with the occurrence of oil or gas (Semb 2009).

5.5. Seismic Shadow Zones

A lowering of the seismic instantaneous frequency is often observed immediately beneath
hydrocarbon accumulations. Such low-frequency seismic shadows (Figure 8) seem to be confined
to a couple of cycles below accumulations. One anonymous reviewer invoked attenuation of the
higher frequencies through the hydrocarbon zone as an explanation for this phenomenon; in
particular for gas this effect can be quite large. The second anonymous reviewer further suggested
that the removal of higher frequencies may be due in part to improper stacking with erroneous
velocity assumptions or ray-path distortions (Semb 2009).

Figure 8 - WNW-ESE seismic line over the central part of the Levantine Basin shows pinch-
outs on the east Eratosthenes slopes (right image) (Roberts & Peace 2007). Seismic section
showing a shadow zone (Semb 2009).
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5.6. Pinch-outs

The pinch - outs (Figure 8) is when a porous reservoir rock lies between two layers of
impermeable rock, such as clay layer or evaporites and the thickness is reduced to form a wedge

which can be trap hydrocarbons.

6. Genesis Conditions and Hydrocarbon Fields in Herodotus Basin
Compared with Levantine Basin

The source rocks in Herodotus basin for natural gas, are Pleistocene siltstones and sapropels,
sapropel of Upper Miocene, Lower-Middle Miocene calcareous siltstones and fine coarse
sediments of Upper Jurassic and Lower Cretaceous. For oil the source rocks are fine coarse

sediments of Upper Cretaceous-Lower Cenozoic (Table 1).

Table 1: Comparative table of the two basins.

CHARACTERISTICS

LEVANTINE BASIN

HERODOTUS BASIN

AGE OF SEPARATION

CRETACEOUS

CRETACEOUS

MIDDLE MIOCENE

AGE OF MIDDLE MIOCENE
DEVELOPMENT
LENGTH ~325 KM AVERAGE ~450 KM AVERAGE
WIDTH ~155 KM AVERAGE ~255 KM AVERAGE
WATER DEPTH >2 KM >3 KM
EXTEND ~50.375 KM? ~113.000.KMm?
SEDIMENT THIKNESS 10-14 Km 12-15 KM

SOURCE ROCKS

PLIOCENE CLAYS, CRETACEOUS CLAYS,
FINE CARBONATES AND MARLS,
JURASSIC AND TRIASSIC CLAYS AND
SILTSTONES

PLEISTOCENE SILTSTONES AND SAPROPELS,
MIOCENE SAPROPELS AND CALCAREOUS
SILTSTONES, U.JURASSIC-L.CRETACEOUS
FINE SEDIMENTS

PLIO-PLEISTOCENE, MESSINIAN,
TERTIARY SANDSTONES, CRETACEOUS
SANDSTONES, LIMESTONES AND

TURBITIDE SANDS AND SAND FORMATIONS
RICH IN CARBONATE MATERIAL OF
PLEISTOCENE, BIOMICRITES, BIOARENITES,

POTENTIAL
CARBONATE REEFS, JURASSIC FOSSILIFEROUS MICRITES AND
RESERVOIRS '
SANDSTONES, LIMESTONES, DOLOMITES CALCARENITES OF MIOCENE, POROUS
AND OOLITIC LIMESTONES, TRIASSIC SEDIMENTS OF JURASSIC AND CRETACEOUS
SANDSTONES
MESSINIAN EVAPORITES, TRIASSIC, MESSINIAN EVAPORITES, CALCAREOUS
SILTSTONES LOWER-MIDDLE MIOCENE AND
JURASSIC AND CRETACEOUS CLAYS AND SILTSTONES OF PLEISTOCENE
SEAL ROCKS
MARLS, TRIASSIC AND JURASSIC
EVAPORITES
STRUCTURAL AND STRATIGRAPHIC STRUCTURAL AND STRATIGRAPHIC
TRAPS
(ANTICLINES, PINCH-OUTS, (ANTICLINES, PINCH-OUTS, UNCONFORMITIES)
UNCONFORMITIES)
MIGRATION FAULTS FAULTS
OIL (BBL) 1.68 >1.68
NATURAL GAS (TCF) 122 >122
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Potential reservoirs are turbitide sands and sand formations rich in carbonate material of
Pleistocene age, biomicrites, bioarenites, fossiliferous micrites and calcarenites of Miocene age,
and finally porous sediments of Jurassic and Cretaceous age.

The cap rocks are the Messinian evaporites, Lower-Middle Miocene calcareous siltstones and
siltstones of Pleistocene age.

The migrations are through faults that exist in the basin. The traps are stratigraphic and structural
such as anticline and pinch outs.

7. Conclusions

In conclusion, as shown in Table 1, the two basins formed at the same age (Upper Cretaceous),
and developed as foreland basins during middle Miocene. They have the same evolution story and
host the same types of sediments with approximately the same thickness. However the Herodotus
basin seems to have twice the area of Levantine basin. The Levantine basin has certified reserves
of natural gas (122 tcf) and oil (1.68 bbl). So, we can say that Herodotus basin contains at least the
same amount of natural gas and oil as in the Levantine basin.
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